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Production  of  frozen  fruits  and  vegetables  in  the  United  States 
now  amounts  to  almost  900  million  pounds  a  year.    The  frozen-foods  indus- 
try lias  quadrupled  its  output  in  the  last  dozen  years  and  is  still  expand- 
ing rapidly*    Consumers  in" the  United  States  have  oagerly  sought  frozen 
foods  and  willing ly  paid  higher  prices  for  them  than  for  many  canned  or 
fresh  products  because  of  their  high  quality  and  convenience  of  use* 

Considerable  eff6rt  has  been  devoted  to  reducing  the  .high  cost  of 
producing,  transporting,  and  storing  frozen  food' products*    During  the  last 
few  years  a  new  type  of  product  has  come  on  the  market,  offering  a  partial 
solution  to  the  cost  problem  as  it  affects  the  manufacture  and  distributi6n 
of  frozen  frUit .  juices';    This  product  is  frozen  concentrated  orange  juice, 
which  has  had  a  truly  remarkablo  success  in  the  United  States.    Its  pro-' 
duct  ion  began  ;just  five  years  ago  and  new  frozen  concentrated  orange  juice 
provides  an  outlet  for  something  liko  20  percent  of  the  U.  S.  ofange  crop. 
The  n6w  concentrate  has  turned  back- a  threatened  orange  surplus,  and  there 
is  evidence  that  it  has  even  contributed  to  an  increase  in  orange-grove 
real  estate  values  in  certain  areas.    The 'fist  hod  used  in  its  production 
is  being  extended  to  the ' production  Of  concentrated  juices  from  other 
fruits,  including  grapes,  grape  fruit ,  and  apples* 

A  public-service  patent  on  this  procoss  is  assigned  to  the  Secre- 
tary of  Agriculture  of  the  United  States  for  froc  licensing  to  producing 
firms*    Public'  ownership  of  this  patent  has  no  doubt  contributed  effective- 
ly to  the  phenomenal  growth  of  the  orange-concent  rate  industry  during  tho 
past'  few  years*  ... 

In'  making  frozen  concentrated  orange  juice,  the  fresh  juico  is 
first  concentrated  by  high- vacuum,  low-temper at uro  evaporation  to  approEi- 
matoly  l/5  its  original  volume,  thus  increasing  the  s'olids  content  from 
about '12  pcrcont  to  58  percent*    The  resulting  conocntrate  is  then  "cut 
back",  or  diluted,  by  adding  an  amount  -of  fresh,  Single -strength  juico 
oqual  to  about  half  the  volume  of  the  conoentrato,  which  roducos  the  solids 
content  of  the  final  product  to- 42  porcent*'  Much  of  the  product* s  flavor  v 
comes  from  tho  addod  fresh  juico.    Tho  concontrato  is -quickly  chillod  to 
a  slush,  filled  into  cans,  and  frozon  at  -18  dogrec  Contigrado  (0°F.)  or 
lowor*    It  must  bo  kept  at  this  tomporaturo  during  transportation  and 


storage    Known  as  a  n4~to-l"  concentrate,  the  product  is  reconstituted 
boforo  serving  by  adding  3  parts  water  to  one  part  frozen  concentrate* 

'Consumers  like  this  orange- juico  product 'because  it  Ins  excellent 
flavor,  closely-  approaching  that  of  fresh  juico,  and  is  oonyoniont  to  uso* 
It  also  rcscinblos  fresh  juice  in  dppoarancc*    From  the"  processors1  ■  and 
distributors*  standpoint,  however,  tho  product's  chiof  advantago  is  that 
its  concentrated  form  permits  it  to  be  shipped  and  storod  economically  at 
the  roquired  low  tcmporaturc*    Tho  principlo  of  concentration  is  a  now 
and  important  one  fcr  the  frozen-food  industry*    It  offers  particular 
promise  to  fruit  growers  in  areas  far  from  major  markots,  bcoauso  it  will 
onablo  them  to' rcduco  their  shipping  costs  and  thus  compcto  on  more  "even 
terns  with  producers  locatod  nearer  the  largo  conters  of  population. 

Another  development  in  tho  field  of  concontratod  food  products 
involving  anothor  now  principle  of  food  preservation,  is  tho  production 
of  volatile  fruit  essences  and 'concentrated  juicos  flavored  with  them* 
It  is  fairly  simple,  of  courso,  to  concentrate  fruit  juicos  by  evaporation 
to  a  fraction  of  their  original  bulk,  but  during  tho  procoss  you  lose  the 
volatilo  flavor  constituents  that  make  the  juicos  appetizing  and  give 
them  their " distinctive  taste*    The  problem  is  to  recover  these  clusivo 
substances,  so  that  thoy'can  later  bo  returned  to  the  juice,  or  to  other 
processed'  fruit  products,  to  rostoro  their  natural  flavor •    Tho  Depart- 
ment'of  Agriculture  has  developed  oquipmcnt  and 'methods  for  accomplishing 
this,  and  a  largo  number  of  oompanios  are  now  ongagod  in  commercial  pro- 
duction of  volatilo  flavor  essonces  from  various  fruits* 

Tho  Departments  Eastern  Regional  Rosoarch  Laboratory  worked  out 
a  commercially  fcasiblo  process  for  recovering  the  volatile  flavors  of 
apple  juico  in  concentrated  form  for  the  first  time  in  1944*    From  that 
procoss  have  stemmed  developments  that  should  have  a  strong  impact  on 
tho'  fruit-processing  industry  and  result  in  products  of  onhancod  flavor* 

Tho  initial  aim  of  tho  applo-cssencc  work  was  to  recover  com- 
pletely tho  volatile  apple  flavors  and  to  concentrate  them  so  thoy  could 
be  reincorporated  into  a  concontratod  juico  without  diluting  it  below 
70  degroos  Brix*    This  goal  was  achicvod  and  a  truly  full-flavorod  con- 
contratod applo  juico  was  obtained* 

It  was  apparont  that  this  work  had  broader  implications*    Wo  found' 
that  with  slight  modifications  of  equipment  and  method  the  essence-       ■  ' 
recovery  procoss  could  be  applied  to  the  juices  of  many  fruits  grapes, 
strawberries,  blackberries,  peaches,  and  others*    The  essences  possess 
tho  characteristic  bouquot  of  the  fresh  fruit  and  can  be  used' to  restore 
the  aroma  and' flavor  to  prdoessed  fruit  products  such  as  jams,  jollies, 
and  preserves,  which  normally  lose  somo  of  their  natural  fruit  flavor 
during  cooking*    The  os sondes  also  give  genuino  fruit  flavor  to  car- 
bonated beverages,  candies,  ice  cream,  ices,  and  other  food  products* 
Their  potentialities  for  enhancing  the  flavor  of  canned  fruits  and  single- 
strength  fruit  juicos  have  not  yet  been  explored  but  would  certainly 
appear  to  have  promise* 
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Several  voars  ago  studios  in  this  fiold  wore  begun  by  tho  Dopart- 
nort..  «  »  ffi  Bosoaroh  Laboratory..  In  prolininary  "raOBg 
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isolated  and  studied  at  the  Western  Laboratory  „-m P£a  „„0n 
Further  work  shewed,  in  ^ ^         Md !2  woro  then 

added  in  concentrations  of  10  to  .40  pares  por  t'      for  10 

heated  to  tho 'boiling  point  of  water  and  held  ^^«^f * 
■ho  20  rdnutos    wore  effectively  preserved.    Vegetables  cannoa  in  *ra.a  way 
^ve  s^ed'for  long  periods  in  storage  without  evidence  of  microbial 


spoilago 


n0nt  j»  m^m^^^§MM? 


Our  taste  panels  havo  boon  unablo  to  distinguish  between  corn' that  has  boon 
canned  with  subtilin  and  hold  for 'months  at  room  tonporaturc,  and  corn  from, 
the  sane  batch  which  was  b lane ho d^  frozen,  and  held  at  -23  degrees  C* 
("-10°F»)  for  an  oqual  storage  poricd. 

Besides  tho  inprovoncnt  in  taste  quality  nado  possible  by  tho  nildcr 
cocking  roquirod,  thorc  is  also  tho  important  possibility  that  antibiotic 
troatnent  can  bo  used  to  proscrvo  products  not  now  availablo  ih  canned 
form.    For  oxanplo,  broccoli,  cauliflower,  and  brusscls  sprouts  aro  not 
often  canned  because  the  cooking  required  causoe  packs  of  these  winter 
vegetables  to' bo  mushy.  'Using  the  nildcr  heat  troatnent  that  is  suffi- 
cient for  subtilin' packs,  excellent  canned  products  fron  these  vegetables 
have  been  obtained • 

Tho  wbstorn  Laboratory' has  dono  prolininary  work  on  a  nuribor  of 
product's  camiod'with  s  ubti  lin,  '  inc  luding  peas,  asparagus,  corn,  frosh'nilk, 
evaporated  milk,  fish,  chicken,  celery,  nushroons,  and  precooked  rice. 
rfith  only  ono  or  two  exceptions  the  packs  havo  boon  adequately  pro  served 
and  nost  of  thon  wore  of  better  quality  than  similar  natcrials  cookod  under 
regular  canning  sohodulcs. 

-  1'Jhcn' subtilin  was  first  discovorod,  vre  thought  it  night  bo  valuable 
in  nodicino,- but  no  pronisihg  possibility  was  uncovered  for  its  uso  in 
this  field.    The  antibiotic,  produced  by  the  connon  bactoriun  Bacillus 
s  ubti  lis,  wds  found  to  bo  a  polypeptide  containing  sovoral  of  the  ordinary 
amino  acids,  including  solx;  with  doxtro  as  well  as  levo  rotation.    It  also 
contains  lanthioninc,  a  sulfur  anino  acid,  hero  shewn  for  the  first  tiro 
to  occur  in  a  natural  product.    Ono  or  noro  other  sulfur  anino  acids  of 
unknown  character  arc  also  present. 

Fortunately  for  its' potential  uso  in  food  prosorvation,  and  unliko 
any  other  known  antibiotic,  subtilin  is  at  least  partly  digested  by  pro- 
teolytic enzynos.    This  fact  has  boon  dononstratod  both  with  trypsin  and 
pepsin.    For  this  reason  alone  it  appears  extremely  unlikely  that  ingest- 
ing snail  amounts  of  subtilin  over  long  periods  will  bo  dangerous  to 
health.    This  consideration  lias  of  course  boon  in  cur  nines  fron  the  begin- 
ning of  our  investigations. 

Vfo  have  fc$d  a  hundred  parts  per  million  of  subtilin  in  ro.t  diots 
ever  poriods  of  nonths  without  observing  the  slightest  sign  of  harmful 
effects.    Larger  amounts,  given  in  ono  doso,  have  likewise  been  quite 
inocuous.    In  troating  hospital  patients  v/ith'  subtilin  to  determine  whether 
the  antibiotic  had  any  usefulness  in  medicine,  tiro  found  that  it  produced 
no  adverse  reactions  when  administered  orally.    In  other  words,  wc  ha  "(re 
discovered  no  reason  for  thinking  that  subtilin  would'  have  any  effect', 
good  or  bad,  on  the  health  of  consumers  if  it  wcro  incorporated  as  a*  pre- 
servative in  focdsi    Tho  natter  is  still  open  for  investigation  and  dis- 
cussion,'of  course,  and  «wo  realize  that  every  avenue  of  approach  must  bo 
pursued  until  wc  arc  absolutely  sure  that  no  ham  can  rosult  from  the  use 
of  this  antibiotic  in  food  products. 


The  possible  economic  advantages  of  using  subtil  in  in  the  ©aa- ■ 
ning  procoss  aro  worth  considering*    First,  of  course,  there  is  the 
possibility  that  the  enchancod  flavor  and  bottor  tesrfcuro  of  foods  that 
havo  been  subjected  only  to  mild  cooking  will  incroaso  tho  salo  of  thoso^ 
it Qns,  possibly  at  premium  prices.    Scocnd,  the  cost  of  the  hoat-prccossing 
stcn  in*  canning  plants  would  bo  roducod  through  roplaccncnt  of  tho  pro  sent 
rolativoly  long  cooking  under  high  stcar.i  pros  sure  by  a  procoss  of  much 
shorter  heating  at  or  near  atmospheric  prossuro. 

The  cost  of  tho  ©ftttilin  itsolf  cannot  as  yet  be  prodicted  with 
cortainty,  since  it  has  been  produced  so  f ar '  only  on  a  pilot-plant  scale. 
However,  on  the  basis  of  our.  prosont  information,  it  would  appear  that  tho 
cost  will  be  no  noro  than^r*of  a  cent  for  oach  No.  2  can  of  produco 
(about  half  a  liter).    It  should  bo  pointed  out  that  20  parts  por  million 
of  subtilin  corrosponds  to  about  "18  grams  of  the  antibiotic  (less  than  1 
ounce)  por  ton  of  canned  produco. 

The  work  at  tho  Wostorii  Regional  Research  Laboratory  is  only  tho 
beginning  of  the  investigations  that  must  bo  mdo  on  this  procoss.  It 
is^ccrtainly  concoivablo  that  wo  my  find  a  combination  of  antibiotics 
that  can  bo  addod  to  fresh  foods  to  prevent  tho  growth  of  'microorganisms 
without  hoat  treatment.    This  would  bo  an  ideal  situation,  providod  that 
tho  nocture  of  antibiotics  had  no  advorso  physiological  effects.  Our 
studios  of  this  and  rclatod  problems  aro  continuing.    TJo  aro  cooporating 
with  a  number  of  food-manufaoturing  companios  and  othor  research  organiz- 
ations in  further  oxporincnts,  bocauso  wo  roalizo  that  the  fiold  is  so 
broad  and  so  much  additional  work  must  be  dono  that  we  cannot  hopo  to  cover 
moro  than  a  srall  area  of  it  oursolvos. 

It  soems  reasonable  to  expect  that  within  the  noxt  Several  years, 
as  a  result  of  developments  suoh  as  thoso  I  havo  described,  we  may  witness 
far-reaching  changes  in  food-processing  tochniquos • 
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